Abstract. Hadrons conveying strange quarks or heavy quarks are essential probes of the hot and dense medium created in relativistic heavy-ion collisions. With hidden strangeness, φ meson production and its transport in the nuclear medium have attracted high interest since its discovery. Heavy quark-antiquark pairs, like charmonium and bottomonium mesons, are mainly produced in initial hard scattering processes of partons. While some of the produced pairs form bound quarkonia, the vast majority hadronize into particles carrying open heavy flavor. In this context, the PHENIX collaboration carries out a comprehensive physics program which studies the φ meson production, and heavy flavor production in relativistic heavy-ion collisions at RHIC. In recent years, the PHENIX experiment upgraded the detector in installing silicon vertex tracker (VTX) at mid-rapidity region and forward silicon vertex tracker (FVTX) at the forward rapidity region. With these new upgrades, the experiment has collected large data samples, and enhanced the capability of heavy flavor measurements via precision tracking. This paper summarizes the latest PHENIX results concerning φ meson, open and closed charm and beauty heavy quark production in relativistic heavy-ion collisions. These results are presented as a function of rapidity, energy and system size, and their interpretation with respect to the current theoretical understanding.
. Production cross section of φ meson in 1.2 < y < 2.2 and 2 < p T < 5 GeV/c in p + p collisions as a function of the center-of-mass energy √ s. The experimental results are compared to different model predictions. The LHC data points are interpolated at the PHENIX forward rapidity, for details see Ref. [8] 200 GeV, and proton-proton (p + p) from √ s = 62.4 to 510 GeV [7] . To study the properties of QCD matter created at RHIC, the PHENIX experiment established a comprehensive physics program which studies hadrons carrying strange quarks, open heavy flavor and quarkonium production as a function of rapidity, energy and system size.
φ Meson Results
The φ vector meson (the lightest bound state of s ands quarks) is proposed as a good probe to investigate the properties of the QCD matter formed in heavy-ion collisions. A hydrodynamical study of transverse momentum (p T ) distribution of φ meson implies that it freezes out early compared to other hadrons [9, 10] . The φ meson life time is about 42 f m/c. Due to its relatively longer life time; the φ meson will mostly decay outside the fireball. Consequently, its daughter will not have much time to rescatter in the hadronic phase. This implies that properties of φ meson are basically controlled by the conditions in the early partonic phase which can be conceded as a good probe to investigate the properties of the QCD matter. Therefore, it is important to study the φ meson production as a function of centrality, rapidity, energy, and system size in heavy-ion collisions. Figure 1 shows the energy dependence of the φ meson production cross section integrated in 1.2 < y < 2.2 and 2 < p T < 5 GeV/c in p + p collisions [8] . We observe that the experimental measurements of the φ meson production increase from RHIC to LHC energies and it follow a power-law versus the colliding energy defined as σ φ (s) ∝ s n , with n = 0.42±0.03 (black dotted line). The results are compared to different model predictions, pythia6, pythia8, phojet, ampt, epos3 and epos-lhc, for details see Ref. [8] . These models exhibit a similar energy dependence trend to that of the data. To study system size dependence of the φ meson production, the PHENIX experiment collected data from 3 He+Au collisions in 2014, and p+Au and p+Al collisions in 2015 RHIC runs. Figure 2 presents nuclear modification factors for minimum-bias 3 He+Au, p+Au and p+Al collisions at √ s NN = 200 GeV as a function of transverse momentum (panels (a), (b) and (c)) and rapidity (panels (d), (e) and (f)). These results may provide a constraint on various cold nuclear matter effects included in models. 
Heavy Flavor Results
The PHENIX experiment studies heavy quark production via measurements of single leptons from semi-leptonic decays in both the electron channel at mid-rapidity and in the muon channel at forwardrapidity. To enhance the capability of heavy flavor measurements via precision tracking, the PHENIX collaboration has installed a silicon vertex tracker both in central rapidity (VTX) and in forward rapidity (FVTX) regions. The VTX [11] and FVTX [12] detectors cover respectively in rapidity | y |< 1.2 and 1.2 < y < 2.2 , and 2π in azimuth acceptance. With these two upgrades, the PHENIX experiment has collected large data samples. Recently, the PHENIX collaboration published first results on single electron yields from semileptonic charm and bottom decays in Au + Au collisions at √ s NN = 200 GeV using the VTX at mid-rapidity [13] , and the FVTX published B-meson production at forward and backward rapidity in p + p collisions at √ s = 200 GeV and 510 GeV, and Cu + Au at √ s NN = 200 GeV [15, 21] . These results will be discussed in the next sections.
Separation of Bottom and Charm in Au+Au collisions at √ s NN = 200 GeV
The large suppression R AA of e ± HF at high-p T observed in Au + Au collisions at √ s NN = 200 GeV, and similar to that of light mesons π 0 , is striking because perturbative QCD calculations indicate a substantial contribution from bottom quark decays for p T > 5 GeV/c [16] . For the specific purpose of separating the contributions of charm and bottom quarks at mid-rapidity, the PHENIX has added micro-vertexing capabilities in the form of a silicon vertex tracker (VTX). We find that electrons from bottom hadron decays are less suppressed than those from charm for the region p T < 5 GeV/c. We observe also that the result is consistent with the expectation of the mass ordering of energy loss. It should be point out that mass scale for the quark energy-loss may be relevant only for p T < m q , as figure 3(b) suggests. he work to finalize the results and provide more centrality classes are in progress.
Measurement of B-meson → J/ψ in p + p and Cu + Au collisions
The production of b-quarks are mainly from gluon fusion and flavor excitation at RHIC energy, and from split gluons at the LHC energy [17] . This characteristic may provide fundamental informations on how b-quarks lose energy in the QGP. While b-quarks from gluon splitting behave as a gluon when crossing the QGP plasma. However, b-quarks from fusion traverse the medium with a definite quantum number and their mass comes to be important for the amount of energy they lose in the medium [18] . Also plasma induced gluon splitting into b-quark pairs should be examined. At the LHC energy, the preeminence of gluon splitting may be the feasible reasons of why nuclear modifications of b-jets and inclusive jets are in good agreement [19, 20] . To verify how initial state effects influence the b-quark production in heavy ion collisions is to measure B-meson yields integrated over momentum and centrality. One way to do this is to measure dimuon pairs produced from the B-mesons decay.
Datasets is in good agreement with binary scaling from p + p collisions for B-mesons. Calculation of nuclear modification factor from initial state effects in EPS09 model [22] is in good accordance with experimental result. However, the R
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for prompt J/ψ exhibits a strong suppression, caused by breakup in the medium.
Conclusions
PHENIX measurements of hadrons conveying strange quarks or heavy quarks in heavy-ion collisions at RHIC have led to a broad and deep understanding of the properties of hot QCD matter. The PHENIX measurements of φ meson production in p + p collisions imply an increase as a function of energy from RHIC to LHC, and it follows a power-law. 
